were also found to be good partners for Ugi-type IMCR while Nbenzylhydroxylamine additionally provided a reactive N-hydroxy group as the site for acyl migration. 8 We recently developed a modified protocol to prepare a variety of hydrazinopeptidelike units via the Ugi reaction involving N-acyl-and alkoxyacyl hydrazines. 9 Besides their general appeal as hydrolytically more stable pseudopeptide 'inserts' for the development of new biologically active peptidomimetics, 10 short hydrazinopeptides are known to adopt a -turn-like secondary structure known as a 'hydrazino turn' (due to an intramolecular bifurcated hydrogen bond involving the sp 3 -hybridized nitrogen atom of the hydrazine motif).
Replacement of the amine component in the Ugi reaction with various surrogates has had a number of successful outcomes, as documented in the literature. For example, the use of hydrazine (as N-acylhydrazine, N,N-dialkylhydrazine, or even a symmetrical hydrazone) in IMCR was described in the earlier work of Ugi 5 and others. 6 O-Protected and unprotected hydroxylamines 7 were also found to be good partners for Ugi-type IMCR while Nbenzylhydroxylamine additionally provided a reactive N-hydroxy group as the site for acyl migration. 8 We recently developed a modified protocol to prepare a variety of hydrazinopeptidelike units via the Ugi reaction involving N-acyl-and alkoxyacyl hydrazines. 9 Besides their general appeal as hydrolytically more stable pseudopeptide 'inserts' for the development of new biologically active peptidomimetics, 10 short hydrazinopeptides are known to adopt a -turn-like secondary structure known as a 'hydrazino turn' (due to an intramolecular bifurcated hydrogen bond involving the sp 3 -hybridized nitrogen atom of the hydrazine motif).
11
In this work, we have investigated the possibility of a new IMCR design using various aliphatic keto carboxylic acids in combination with a Boc-or Cbz-protected hydrazine as a surrogate for the amine component, expected to yield substituted N-aminolactams 1 (Scheme 1).
Such a design was primarily inspired by: i) a successful (but low-yielding) five-center, threecomponent (hence ring-forming) reaction of 4-acetylbutyric acid, N-benzylhydroxylamine and ethyl isocyanoacetate, 8 and ii) a surprisingly efficient four-center, three-component reaction of substituted -hydrazino acids with aldehydes and isocyanides reported to yield strained aza--lactams. 12 In a trial experiment, equimolar amounts of levulinic acid, Boc-hydrazine and 4-methoxybenzylisocyanide in methanol were stirred at room temperature. Although the reaction was markedly slow and proceeded to only a limited conversion over 72 hours at room temperature, the expected product 1a was isolated by chromatography in low yield (<25%). A single crystal of this compound was obtained and the X-ray crystallographic analysis not only confirmed the identity of this new type of N-aminolactam, but also revealed the presence of a pronounced hydrogen bond between the carbonyl oxygen atom of the Boc group and the exocyclic secondary amide side chain ( Figure 1) . 13 This feature, in our view, makes 1a (as well as its subsequently prepared analogs) similar to proline, not only from the viewpoint of shape and chemical structure, but also in terms of its potential ability to mimic -turns when introduced into a polypeptide chain -a secondary structure bias typically associated with proline in natural polypeptides. Prompted by this exciting finding we proceeded to optimize the reaction toward 1a. As is evident from the results presented in Table 1 , the reaction outcome was more favorable in aqueous methanol when equimolar ammonium chloride was employed as a mildly acidic promoter. 14 The reaction also required excess amount of both the keto acid and the hydrazine in order to go to completion (with respect to isocyanide) for reasons that so far remain unclear.
Using the optimized reaction protocol we prepared analogous N-aminolactams 1b-v using Boc-and Cbz-hydrazine, various isocyanides and the known or commercially available keto acids 2a, 2b, 2c, 15 2e 3c as well as the newly synthesized 2d (Scheme 2). The products 1
were isolated by column chromatography in good to excellent yields (Table 2) and their identity and purity was established by NMR spectroscopy, mass spectrometry, and elemental analyses (see Supporting Information).
We have also demonstrated that the synthesized N-aminolactams can be elaborated into useful proline-like building blocks as well as incorporated into short peptide structures. As shown in Scheme 3, compounds 1e, 1f were hydrolyzed by aqueous KOH in methanol into the respective "glycine-Pro" carboxylic acids 3a, 3b, without disruption of the lactam ring or the exocyclic amide bond; likewise, the N-Boc group was easily removed from the N-terminus of the N-aminolactam and then acylated with Boc-protected glycine, as illustrated by the conversion of 1g into the "BnNHGly-Pro-GlyBoc" tripeptoid 4.
Finally, we were curious to see if the intramolecular hydrogen bonding pattern (leading to a -turn-like secondary structure) that we initially observed by X-ray analysis for 1a (vide supra) continued to persist in the newly synthesized compounds and, especially, in the more However, in the "tripeptide" 4, a similar downfield shift was not observed for the amide proton proximal to the lactam ring, which is consistent with the expected intramolecular hydrogen bonding. Likewise, for selected N-aminolactams 1a, 1b, 1k, 1l, 1s and 1v, the same amide proton appears almost insensitive to the solvent change, which also confirms its intramolecular Hbonded character (Table 3 ).
In conclusion, we have developed an efficient method to prepare novel racemic prolinelike N-aminolactams 1 which exist in a folded, -turn-like conformation, both in solid state and in solution, as demonstrated by X-ray and 1 H NMR analyses. These structures can be elaborated into 'dipeptide' acid building blocks and incorporated into a "tripeptide" structure and thus hold potential as key elements for the design of mimetic analogs of bioactive peptides. Efforts are currently underway in out laboratories to prepare non-racemic versions of these useful structural motifs. The results of these studies will be reported in due course. were dissolved in MeOH (6 mL). Solid NH 4 Cl (0.5 equiv) was added followed by water (2 mL).
Once a clear solution was obtained, the isocyanide (0.5 equiv) was added and the reaction mixture was stirred under an argon atmosphere at rt for 18-24 h. 
